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Abstract — Inexpensive computers and Internet connections 
can be used in teaching engineering and technology courses to 
make the classroom presentation of a lecture available anywhere 
with connectivity. With rapidly growing demand, particularly 
from working professionals who need courses to remain current 
or for advancement in their careers, and reductions in financial 
support, universities face increasing pressure to find solutions 
that are effective academically and fiscally. This paper describes 
an open-source distance-learning system that fulfills both “smart 
classroom” and distance-education roles and that is inexpensive, 
easy to use and operate, and highly effective, even when used 
over dial-up connections. The software is available at no cost for 
academic use. 

Index Terms — Distance learning, online learning, synchronous 
learning, Web. 



I. Introduction 

I NSTRUCTION in engineering and technology fields is 
dominated by traditional classroom lecture presentations 
[1]. These range from an instructor and handwritten material 
on a blackboard to computer-generated presentations with 
commercial products like Microsoft’s PowerPoint. This setting 
requires students to be physically present on campus at the 
time of the lecture. Students attending a lecture benefit from 
interaction with each other and the lecturer. 

While the overall presentation of most courses remains 
lecture oriented, many organizations make increasingly pro- 
ductive use of the Internet, and the World Wide Web in 
particular, to make available supplemental and/or complemen- 
tary course-related material to students; 90% of organizations 
using the Internet as an instructional tool provide this type 
of asynchronous access [2], A good example of this type of 
service is OpenCourseWare 1 by the Massachusetts Institute of 
Technology (MIT), Cambridge. 

A complementary trend in deployment of technology, though 
not necessarily of the Internet, is toward the “smart classroom.” 
Typically such classrooms integrate computer-generated pre- 
sentations, and possibly Web content, with annotations for dis- 
play within the classroom. In some cases, the presentations may 
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be recorded for future playback. The main drive in develop- 
ment of smart classrooms is effective deployment of computer 
technology to enhance the classroom teaching (and, one hopes, 
learning) experience [3]. 

Network EducationWare (NEW) is a system combining 
the two trends described above, providing students with the 
means to actively participate synchronously with live classes 
and/or asynchronously with recordings of the classes. In 
addition, NEW meets a demand from a growing student con- 
stituency — telecommuters — at a cost comparable to classroom 
instruction. 

Postsecondary educational institutions offering engineering 
and technology programs face increasing demand from a stu- 
dent demographic characterized by working professionals [4], 
These individuals often are seeking further training (to remain 
current in their field or expand their expertise) or additional 
certification (certificates, diplomas, degrees). These students al- 
ready make heavy use of course-related material available from 
course Websites. One demand of this demographic is access 
to courses outside normal teaching hours, and, increasingly, 
without requiring the student to be physically present. This 
demand is felt keenly in urban areas, where traffic congestion 
can make classes difficult to reach. These students would prefer 
to participate in a class from their home or place of work which 
often requires using a computer behind a firewall. 

Demand for distance education is expected to grow rapidly 
worldwide. An estimate of overall student enrollment in col- 
lege-level distance-education courses in the United States was 
just under 3 million in 2001 [4]. In 2003, over 50% of people at 
least 16 years of age were involved in undergraduate- or grad- 
uate-level work-related education [5]; more and more of these 
will be learning online. The use of distance learning is viewed by 
67% of schools as critical to a long-term strategy [6]. This same 
survey indicated that 75% of schools believed that learning out- 
comes were as good as or better using distance education than 
face-to-face teaching. Growth in the use of distance course de- 
livery in the one year between 2002 and 2003 is reported to be 
almost 20% [6]. While overall enrollment in degree-granting in- 
stitutions is expected to grow by at least 15% over the ten-year 
period ending in 2013, the fastest growing segment of that stu- 
dent population is “first time professionals,” projected to in- 
crease by 27% [7]. 

The challenge posed by this growing demand is how to pro- 
vide these students with the essential qualities of being present 
in a live classroom lecture, delivered using the Internet. What 
features of the live classroom experience are (and are not) crit- 
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ical to learning? The ability to receive spoken and graphical con- 
tent (e.g., slides and any annotations made on them), and to orig- 
inate audio and video, can be provided by any modem personal 
computer. That ability, combined with a connection to the In- 
ternet, can offer students a strong sense of participation, only 
requiring infrastructure that is widely and cheaply available. 

The term simulteaching describes the simultaneous teaching 
of a set of students in separate locations, some together in a 
classroom with the instructor. Irrespective of their location, stu- 
dents should have a strong sense of participation in the ongoing 
class, and critical to this feeling is the ability to interact with the 
instructor and their fellow students. Hardware and software are 
required that allow remote-location students to do the following: 

1) receive the live classroom content at any location while 
being assured that they do not lag the originating class; 

2) ask and respond to questions in a natural way, e.g., by 
speaking; 

3) interact with each other during class, the equivalent of a 
student asking a neighbor a question. 

NEW has been developed to fulfill this need and provides 
many of the valued features both of smart classrooms and Web- 
accessible simulteaching. The NEW client runs on a typical stu- 
dent computer using dial-up modem, broadband, or direct In- 



ternet connection. The NEW server runs on inexpensive, off- 
the-shelf server platforms (e.g., Pentium- or Sparc-based). 

NEW was designed to be have the following benefits. 

1) Convenient for students: It provides students with the 
ability to participate synchronously in a live class experi- 
ence, not simply hear and see the classroom presentation, 
and also provides a recording of the class for future 
playback. 

2) Convenient for instructors: It minimizes change in pre- 
sentation style and makes the system simple and easy to 
use when teaching so that the barrier to entry is low. 

3) Conservative in network capacity: NEW delivers high- 
quality presentation over ubiquitous 56 kb/s connections. 

4) Conservative in capital and operating costs: NEW re- 
quires no special hardware and minimal specialty soft- 
ware (see next point) and can operate comfortably on con- 
figurations that are, by today's standards, quite modest; 
administering NEW, even for several courses, is easy and 
does not require specially trained personnel. 

5) Entirely open-source: All of these goals are achieved in an 
academic open-source, and eventually platform-neutral, 
implementation. 

These goals, and how NEW meets them, are discussed in 
more detail below. Technical details of NEW components and 
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Fig. 2. Student Web Portal Interface to NEW. The page is divided into three principal sections by function: 1) downloading software and ensuring it is operating 
correctly, 2) connecting to a live class (with or without video), and 3) accessing previously recorded material for streaming playback, downloading for local 
playback, or accessing the printed lecture slides. 



their operation appear in the following section, followed by a 
discussion of experience using NEW over the past three years. 



II. What NEW Offers 
A. Telecommuting to Class 

NEW is designed to provide to students remotely connected 
by Internet the experience of attending and participating in a 
classroom presentation. That experience includes hearing the 
instructor’s voice and seeing the material presented on a black- 
board or screen, along with any annotations made by the pre- 
senter, e.g., some text underscored, or an arrow drawn pointing 
to a particular feature, or a problem solved. It also includes the 
ability to ask (or answer) questions by typing or speaking. Fig. 1 
shows the NEW user interface. Considerable care has gone into 
the development of NEW to ensure the synchronous nature of 
the presentation, i.e., remotely connected students see what stu- 
dents attending the live presentation see with never more than 
a few seconds delay. The combination of text and graphics ap- 
pearing on each slide, real-time annotations made on slides, and 
presenter’s voice is referred to as audiographics, to distinguish 
it from video. NEW has been optimized to deliver its audio- 
graphic content in real time. Many simulteaching systems pro- 
vide video of the presenter and sometimes also of the class. 
Video, an option in NEW, is delivered at 320 x 240 pixels with 
frame rates from 1 frame/s (slow scan) up to 30 frames/s, using 
a “Web cam.” The inclusion of video is a management choice, 
since video consumes significantly greater network and system 
resources while typically adding relatively little value beyond 
that provided by audiographics [8]. 



NEW has been demonstrated in use over distances up to 
10000 km. However, its use may be confined to a regional 
scope as an administrative choice [9], recognizing that students 
benefit from nonclass activities and resources available on 
campus [10], even if students do not attend all classes reg- 
ularly. Other considerations include the regional availability 
of low-cost dial-up and the need for students to appear on 
campus occasionally, e.g., to write exams. Over the course of 
the semester, students may miss one or more lectures. One 
university cites a typical absentee rate for any given engineering 
class of up to 20% [3]. Since the audiographic content of each 
class is recorded, students have the option of playing back a 
recorded lecture, as often as they like, at a later date. Students 
may choose to stream the data from a server, or download an 
entire recorded class, and then play it back locally. Typically, 
NEW recordings require approximately 5 MB/h of class time 
if the video is not recorded. Recently, one student living in 
Lebanon took a graduate course taught in the United States by 
downloading the recorded lectures (primarily because of the 
time differential) and playing them as time permitted. The stu- 
dent expressed great satisfaction with this delivery technique. 

Simulteaching also offers to online students an analog of in- 
teracting with a fellow student in the classroom. A student may 
start or join a Web-based chat-room session with other students 
during a lecture, while continuing to receive the audiographic 
content of the class. This opportunity enables a student to “talk” 
to others (presumably about course content) in a way that is not 
disruptive to the class. 

Students access NEW via a Web-driven portal (Fig. 2). The 
Web server provides authenticated students with access to live 
classes and to previously made recordings and slides presented 
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in those classes [using Adobe Systems’ popular portable doc- 
ument format (PDF)]. The recordings and slides can remain 
available to these students after the course is over, for consul- 
tation anytime, providing an online reference source. The Web 
portal also provides access to the client software so that students 
using the system for the first time can easily download and in- 
stall the necessary components. Further, NEW is designed to be 
self-maintaining once installed. If a student connects to a server 
to access a class for which a newer version of any of the client 
components is needed, the software is automatically uploaded 
and installed prior to displaying the requested class. 

B. Teaching Environment 

Slides to be used in a NEW lecture can be produced using 
standard authoring tools able to produce PDF output. This ca- 
pability results in time savings to instructors who need not at- 
tend training sessions in the use of specialized authoring tools 
and Web design and who often already have such teaching mate- 
rial. Further, NEW currently understands Microsoft PowerPoint 
and open-source LaTeX file formats and produces, automati- 
cally, the PDF format required for presentation and recording. 
During this automatic conversion process, handout versions of 
the slides can also be produced, to be placed on the Website for 
student download. Requiring the instructor to prepare the pre- 
sentation does, of course, represent a significant investment in 
time, particularly when a course is first given online. However, 
in end-of-semester evaluations, students — even those who did 
not use NEW — report significant value in the more organized 
presentation. 

An instructor presents a class by running a NEW client 
(Fig. 1). The only controls the instructor needs to master are 
those of the recorder (a button layout like most record/playback 
devices), the whiteboard (controls like those of any standard 
computer drawing tool), and the floor control, which allows 
control of who can speak (who “has the floor”). 

The NEW floor control provides several important functions 
beyond access to the floor. The grid box provides a visual indi- 
cation of who is attending a class remotely and who currently 
has the floor, a means whereby instructors can send and receive 
typed information to or from remote users, and a way to launch 
for display a Web page on all users’ computers (using the local 
browser client on each user’s machine). 

The whiteboard on which slides are shown allows instruc- 
tors considerable latitude for annotation using simple shapes, 
arrows, and lines, all in various colors and thicknesses. Text may 
be typed onto the slide using the keyboard. Drawing or writing 
free-hand is also possible. Blank slides can be inserted at any 
point to allow further explanation or illustration. (These also be- 
come part of the recorded lecture.) The whiteboard also displays 
JPEG images, HTML, ASCII text, and video (but the video file 
must be preloaded on client machines). 

Perhaps the most significant change for a simulteaching in- 
structor is presentation etiquette. Since typed-in student ques- 
tions and comments sent “TO PROF’ (Fig. 1) are not recorded, 
nor visible to all participants, instructors need to adopt the habit 
of repeating these items for the benefit of the five class and the 
record. Similarly, student responses in the live class often are not 



captured by the instructor’s microphone, and also need to be re- 
peated. This practice is not difficult to adopt and can be of value 
in any class presentation. In addition, directing some questions 
specifically to the remotely connected students strengthens their 
sense of involvement in the class. 

All of the work of preparing and presenting a class using 
NEW can be performed on a single computer. Any contempo- 
rary notebook computer is a suitable platform, though a tablet- 
style display (with stylus for writing or drawing) is highly ad- 
vantageous for presentation purposes. 

For simulteaching, a classroom with a projector for computer 
displays is preferred so as to provide a “normal” setting for stu- 
dents attending the five presentation. NEW normally is run on a 
computer in the classroom. However, NEW allows a class to be 
both originated and received from any location providing com- 
puter and network access, e.g., home, office, cafd, or classroom. 
Snow days may become a thing of the past. 

C. Effective Over Low-Capacity Connections 

NEW was designed to deliver its audiographic content over 
standard 56 kb/s dial-up lines. Video is optionally available over 
higher performance connections if provided by the instructor 
and selected by the student. 

The instructor audio is compressed using standard GSM com- 
pression; the resulting 20 kb/s stream delivers clear, intelligible 
audio. The software guarantees that audio always has priority 
in delivery. The slide pages are not pre-fetched by the client; 
the slide content is sent to participating clients when the in- 
structor asks for that page to be displayed. Current versions of 
NEW limit the size of an individual page to 64 KB (9.4 s at 
56 kb/s). Pages larger than this are converted automatically to a 
JPEG image, which can represent more graphical detail within 
the 64- KB limit. Slides containing only text are typically 15 KB 
or smaller; even if audio consumed its full 20-kb/s bandwidth 
during a slide transfer, the effective TCP throughput offered by 
a 56-kb/s link, a 40 kb/s, would still deliver a slide in 6 s. Anno- 
tation objects (lines, arrows, or boxes), at a few hundred bytes 
per object, take under 1 s to transfer. 

Annotation graphics require minimal network capacity, typi- 
cally only a few hundred bytes per annotation object. The “free- 
hand” tool generates the most traffic (a few hundred bytes per 
written character), but as the client is rate limited, annotations 
do not interfere with audio. The rate limit is configurable (see 
end of Section II-D) and can be relaxed to capitalize on higher 
capacity connections if these are available (but not to the point 
where audio quality is sacrificed). Higher capacity connections 
allow new slide pages to be downloaded more quickly, hence 
displayed sooner. 

D. Inexpensive to Set Up and Operate 

Some existing commercial products, e.g., Centra or Microsoft 
LiveMeeting, equal, and may surpass, NEW’s capabilities; 
however, these are expensive for many academic institutions 
to employ. NEW was created as an affordable alternative for 
synchronous and asynchronous education. 

The major expenses in operating any such system are the cap- 
ital outlay to establish infrastructure and the ongoing operating 
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costs, notably administrative personnel. A recent study of on- 
line learning finds that the best return on investment is achieved 
with simulteaching, as opposed to asynchronous teaching tools 
[11]. The same report analyzed the costs and rewards of on- 
line courses. Factors that raise costs include capital equipment 
(mainly servers), personnel, and support for users, e.g., training 
faculty to use new authoring tools. NEW was designed to use 
commodity, off-the-shelf equipment and software and can be 
administered by anyone with modest administration computer 
skills; no specialized personnel or training is needed. 

NEW operates in client-server mode. Students and instruc- 
tors run the client; the server handles the set up of connections, 
user authentication, and content delivery (Fig. 3). 

Client software is downloaded and installed via the Web 
portal. At present, the client runs only under the Windows 
family of operating systems (’98 or more recent), but its avail- 
ability to Linux and Macintosh users is planned. Students use 
the NEW Website to access the client software and invoke an 
automated procedure for its installation on their computers. 
Little administrative overhead is associated with student or staff 
client installation. For the few cases when users need assistance 
(most often, at the start of the semester), systems staff must be 
accessible. 

In terms of capital outlay, the client requires only a Win- 
dows platform with a 300-MHz Pentium-Ill CPU, 256 MB of 
memory, audio (with microphone if the user wishes to origi- 
nate speech), and a network connection of at least 56 kb/s. The 
client needs 20 MB of disk space beyond what the needed Java 
run-time environment requires (typically 35 MB). Instructors 
wanting to provide video with a lecture would add a camera and 
any needed video capture hardware to this configuration and at 
least a 600-MHz processor. Instructors generally find it advanta- 
geous to run the client on a computer that has a tablet and stylus 
interface. 

The NEW server is a Java application and can run on any 
Linux/UNIX or Windows platform. A Linux system running on 
a 1.8-GHz Pentium-Ill with 1 GB of memory, on a 100-Mb/s 
network connection, is used to handle up to 40 simultaneous 
participants, and does so easily. Similarly, a Sun UltraSparc 60 
with 1 GB of memory handles 30 users comfortably, while run- 
ning many other services concurrently. The entire server system 
requires roughly 100 MB of disk space plus 500 MB per course 
per semester, primarily for recordings. In some cases, organiza- 
tions are retiring machines of this caliber; hence, servers may 
be available at no cost. 

Installation and operation of the NEW server-side compo- 
nents (NEW server plus Web site) are now largely automated 
and can be performed by ordinary technical support personnel 
in one or two hours. A single NEW server is designed to operate 
many courses per semester. The logistics of managing course 
content and administrative data (e.g., user accounts) are handled 
through the same Web portal that students use to access content. 
The layout of administrative functions is straightforward so that 
no special technical skills are required for site administration, 
further reducing operating costs. 

The concentration of student, instructor, and administrator ac- 
cess to NEW via a single, and largely self-installing, Web portal 





Fig. 3. Schematic representation of NEW system structure showing two client 
instances and a server. FC: Floor control; RP: record/play control; SF; speak 
freely; VIC; Video Interactive Client; WBD: whiteboard; and TLMC: Transport 
Layer Multicaster Client. The topmost client instance depicts the components 
in active use (shaded) by an instructor: the WBD is displaying slides (from 
files) along with any annotations; SF is capturing voice from the instructor 

elected not to use video. FC is letting the instructor communicate with students 
and displays a list of those connected (including the instructor). All of these 
components typically run on a tablet notebook computer. A student participating 

the audiographics, and FC in order to ask (or answer) questions. 



is a significant step in achieving ease of use for each user con- 
stituency and reducing management cost. 

The same client software is used both by students to par- 
ticipate in a lecture and by instructors to give the lecture; the 
only distinction is in the start-up configuration. Both students 
and instructors use the Web portal to connect. Students are of- 
fered the choices shown in Fig. 2; instructors are presented more 
options. All clients are instantiated by an extensible Markup 
Language (XML) script delivered from the Website in response 
to the user’s request. Thus, students never need to interact di- 
rectly with the client software they downloaded; by selecting a 
live class or a playback connection, they receive an XML script 
to be interpreted by the client software, which launches appro- 
priate components of NEW and establishes connections as nec- 
essary. This capability provides for both ease of use and ease of 
maintenance. 

The Web-based model scales very well. The number and data 
rate of connections supported is more a network capacity re- 
striction than one imposed by NEW. The use of XML config- 
uration files for clients means that different courses (even dif- 
ferent sections of a course) can be steered to different server pro- 
cesses (running on the same or different machines). The use of 
a database makes management easy for operational information 
of large communities and many courses. The database admin- 
istration function requires little time for small courses but can 
become significant if large numbers of students are supported. 
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E. Open Source 

“Open source,” a widely used term, often is misunderstood 
to mean software that is completely free (of cost or of terms 
of use). In fact, open source refers to software in source-code 
form, belonging to a particular author (individual or group), 
made available for use by others, subject to terms and condi- 
tions of a license agreement and without monetary consideration 
to the author [12], Users may make use of the source code for 
its intended purpose, or adapt it for use in projects of their own, 
subject to limitations set forth in the license. NEW is available 
as “academic open source” meaning that while the developer at 
all times retains ownership of the code, that code may be freely 
distributed and used in any educational or governmental setting. 
Others may further develop NEW for their own purposes and 
allow their work to be added to future releases in the spirit of 
open source. 

Indeed, that very freedom of access to code has been used in 
building NEW; the next section describes its major components, 
some of which originated as open-source projects elsewhere. 
Commercially distributed software, e.g., [13], is available only 
as long as a company remains in business to provide it. NEW 
was developed as purely open-source software so that it will 
always be available. The open source license and code itself are 
available at the Website http://netlab.gmu.edu/NEW. 

One feature offered by NEW requires proprietary code. 
The automatic conversion to PDF from PowerPoint slides 
requires Microsoft code, which the user will already have if 
the user has PowerPoint. This limitation may soon be relaxed 
with the planned integration of components of OpenOffice, an 
open-source suite of document manipulating tools. 

m. NEW Technology 

At its heart, the reason for the existence of NEW is group 
communication: teaching or conferring with a group of people. 
A well-developed networking technology, multicasting, exists 
for this purpose. Where it is deployed, multicasting allows a 
single network transmission to be delivered to a group of re- 
ceivers [14]. Unfortunately, network-level multicasting has not 
been deployed across the general Internet and so cannot be used 
for NEW, even though a number of excellent tools have been 
developed to take advantage of its power for group communi- 
cations [15]. In fact, NEW does use three such tools: Speak- 
Freely, WBD, and VIC. The NEW Live Server was first devel- 
oped as the Transport Layer Multicaster (TLM). Working over a 
point-to-point connection with each Master Client, the TLM de- 
livers one-to-many transmissions to the tools in the same format 
as network multicasting, although without the high efficiency 
that is theoretically possible with network multicasting. How- 
ever, a compensating advantage exists with a TLM server hub; 
NEW is able to use the Internet Transmission Control Protocol 
(TCP) to link client and server. As a result, NEW traffic can 
reach systems behind Network Address Translation (NAT) gate- 
ways or firewall systems that would be nearly impossible to 
reach with real multicast traffic. 

The audio receive/send component is arguably the most im- 
portant in NEW because it is critical to the students’ experience 



and because conveying voice with good quality over the Internet 
at a low data rate presents a big challenge. Walker’s open-source 
SpeakFreely (SF) [16] meets that challenge. NEW adds a graph- 
ical interface that provides all needed user functions (upper left 
of Fig. 1). 

The other critical element for teaching online is graphics. 
The whiteboard (WBD), an open source project originally 
created at Loughborough University, Leicestershire, U.K., 
provides a shared graphic presentation medium that displays 
precomposed graphic content provided in any of several open 
formats, most important, PDF, and annotations in real time. A 
tablet-and-stylus interface offers a natural interface (compared 
with a mouse and traditional display), encouraging the use of 
the whiteboard as a surrogate chalkboard, rather than merely a 
screen on which to display slides. 

While all NEW classes have audiographic content, video 
is optional. NEW uses an excellent video tool called VIC, 
originally developed at the University of California at Berkeley 
(UCB) and the Lawrence Berkeley National Laboratory [17], 
and is compatible with ITU standard H.323. A typical delivery 
rate is two frames of 320 x 240 pixels/s, but rates up to 30 
frames/s are possible. Video is available to NEW users with 
network connections of 200 kb/s or higher. 

The audio, graphics, and optional video originating from all 
tools associated with a given user are collected, rate-limited 
giving audio priority, encapsulated, and sent over a single 
network connection by the Transport Layer Multicaster Master 
Client (TLMC). Similarly, TLMC distributes received data to 
the appropriate clients. It coordinates the configuration and 
launch of other NEW components needed for a particular 
session. Which clients, and their network configuration, is 
established by TLMC responding to the XML file returned by 
the supporting Web server at the beginning of a NEW session or 
from a local file when running stand-alone. The separate floor 
control (FC) client manages sending permission in conjunction 
with TLM and TLMC. 

The recorder components — record (REC) and record control 
(RC) — capture a time-stamped stream of messages as seen at a 
particular user’s workstation and record them to disk for play- 
back. RC is controlled using a VCR-like start/stop/pause inter- 
face for REC, with a display of status and a time counter (lower 
left of Fig. 1). Analogously, playback (PLAY) and playback 
control (PC) components regenerate the original stream of mes- 
sages from a time-stamped recording. PLAY can function either 
as a playback tool for one user or as a server, streaming play- 
back to multiple users. In either case, the same clients (TLMC, 
SF, WBD, and optionally VIC) provide the user interface. 

NEW’s server side uses the open-source MySQL database, 
which accepts SQL queries from the Web server supporting the 
NEW Web portal, and provides responses used to generate re- 
sponse Web pages dynamically. Using a database is a practical 
necessity to gain easy control over the large amount of data 
generated when NEW is used to operate multiple courses per 
semester. The Web portal through which NEW users access con- 
tent is provided using the open-source Apache Web server with 
the scripting language PHP [18], also open-source. 
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Course Level 

Fig. 4. Comparison of grade averages between classroom attendance 
(hatched) and distance-education (black) students across range of courses from 
undergraduate to graduate. 

IV. Experience With NEW 

NEW made its debut in summer session 2002, when it was 
used for two courses. In the spring semester 2004, it served 
a total student population of about 2500 and was used in 12 
courses per semester in Computer Science, Information Tech- 
nology, and Health Science. 

NEW has been used primarily to present live classes (i.e., as 
the presentation and recording component of a smart classroom) 
but is not limited to this setting. NEW has been used to provide 
simultaneous live lectures at two campuses with the instructor 
at one and a teaching assistant at the other. 

The actual set of students attending any given live lecture has 
been observed to vary through the semester. Some students en- 
roll in the “NET” section of a course but prefer to attend live 
classes; the converse also occurs. The nature of the classes is 
such that a student who attends one class online can easily at- 
tend the next in person. Students consistently rate highly the 
value of the lecture recordings; reasons include the ability to 
time shift a lecture to fit better with their schedule, to be able to 
handle interruption in cases where the entire lecture time cannot 
be allocated (some classes are 2.5 hours long), and the ability to 
replay part of a lecture to review a particular topic. 

In each of the semesters where NEW has been used, no sig- 
nificant difference has been observed in student performance as 
reflected by grades (Fig. 4). 

At the end of each semester when NEW has been used, 
students have been surveyed concerning their satisfaction with 
NEW and reasons why they used it. Fig. 5 displays the results 
of four questions on the survey. One notes that students were 
very positive in their response to the question asking if they 
would take another course using NEW. 

V. Plans for NEW’s Future 

There is room to extend NEW; its highly modular architec- 
ture facilitates such efforts, which are ongoing under various 
sponsorships. 




Fig. 5. Responses to four survey questions (left to right, white to black): 
1) satisfied with learning online, 2) learned as much via NET as in person, 
3) would take another course with network option, and 4) network option was 




applicable” by many students. 



For example, one recently completed government-sponsored 
project enabled encryption of all content in or out of a client 
so as to guard against release of content for government use. 
This extension made use of OpenSSL, an open-source Secure 
Sockets Layer package, to handle authentication (of server to 
client and client to server) and subsequent encryption of con- 
tent. This feature will make NEW usable by those whose needs 
include ensuring that content is protected. The same project also 
provided the ability to cut and paste from any displayed window 
to the whiteboard, thereby facilitating interaction between users 
needing to discuss what one of them “sees on the screen.” 

The design of NEW’s display components and controls 
(specifically their reliance on Unicode) offers easy extension 
to multilingual operations, making NEW suitable for users of 
languages other than English. In a similar vein, adding metadata 
to recordings and the recording of typed notes are planned, as 
is the ability to Web-link to a particular NEW recording for 
playback. 

Another interesting possibility is to provide on-command 
running of Java applets, giving NEW a kind of platform-neutral 
animation. Also planned is an expansion of NEW’s video 
playback facility to provide for background uploading of video 
clips that can then be played on demand. 

Another ongoing effort is working to port the NEW client 
component suite to Linux/UNIX and to Apple OS X, expanding 
availability by 2006. 

VI. Conclusion 

This paper has described Network EducationWare, an 
open-source system for synchronous distance education via the 
Internet. While much deployment of computer and network 
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technology in the area of education is focused on smart class- 
rooms and making content available asynchronously to distance 
students, NEW is oriented toward providing to distance students 
many of the valuable aspects of the live classroom experience 
that are essential for learning. NEW achieves this ability using 
inexpensive and commonplace hardware, as well as software 
that is freely available under an academic open-source license. 
NEW is successful in providing convenience to students who 
can participate in a class, whether they attend in person or 
telecommute, and in making available recordings of classes for 
playback. It imposes little or no change in the way class pre- 
sentation material is prepared, and mastery of the technology 
for teaching is very easily accomplished. NEW is attractive 
to course administrators since it is inexpensive to set up and 
operate, the latter because of a well-designed and simple-to-use 
Web portal offering clear access to vital management functions 
and requiring no specialized personnel or training. 

NEW has been in use for three years, growing from two to 12 
courses per semester and to a student community of over 2500. 
Its use has grown beyond the information technology and engi- 
neering courses, where it was first used, to include courses in the 
medical field. The expansion of NEW’s capabilities continues to 
extend its utility and power as a distance education system. 
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